Sugar recovery in a factory depends upon regular crushing and quality of varieties besides various other working parameters. Strategies for increased productivity and sugar recovery, varietal improvement can bring out through selection of parents to get maximum gains. These are governed by sugar content, fiber, rind hardness and cane yield. In order to assess the breeding value of different traits including rind hardness, study was undertaken at Sugarcane Research Institute, Shahjahanpur, during 2011-2012. Phenotypic difference and correlations among agronomic characters, basic quality characters and rind hardness in 120 segregating genotypes derived from contrast bi-parental cross (UP9530 × Co86011) of sugarcane cultivar were studied in this experiment. All the traits observed were found statistically significant among the mapping populations. The mean value of rind hardness was 5.91 with a range from 2.08 to 12.10 among 120 segregating population including their parents. Rind hardness (RHD) showed significant positive genotypic correlation with sugar yield-related traits viz; cane weight (CW, r = 0.325), cane yield (CYLD, r = 0.380) and sugar yield (SUYLD, r = 0.248). Significant negative correlation was observed for rind hardness with commercial cane sugar percent (CCS%, r = −0.388), number of millable cane (NMC, r = −0.216), hand refractometer brix %-October (HBR, r = −0.154), Brix% in juice (BR, r = −0.119) and Sucrose% in juice (SUC, r = −0.080). The simple correlation analysis showed that RHD, CW, CYLD and SUYLD showed significant positive correlation for agronomic characters, but for basic quality characters had negative correlations. Result indicated that rind hardness was found to have economically important trait due to showing significant positive and negative correlation with sugar yield and sugar content, respectively. The study also revealed that with the reduction in rind hardness, sugar recovery may increase. Present findings indicated that the rind hardness could play as a key role in the selection of elite genotypes in breeding program to develop high sugar, high yielding, erect, non-lodging, disease and insect resistant varieties. The details of the study were discussed in the manuscript.
Introduction
The sugar recovery of a factory in addition to different factors including climate also depends upon consistent working of factory and the quality of variety available for crushing. The quality of varieties depends upon different factors like rind hardness, sucrose percent in juice and purity. The major objective of sugarcane breeder is to increase the sugar yield as well as biomass production, which can be accomplished by either sugar content, fiber or cane yield [1] . Nearly 80% of sugar produced is from sugarcane while the remaining 20% is contributed by sugarbeet and palm [2] . Considering the sweetness requirements for growing population day by day, it is necessary to produce high sugar-yielding varieties. Sugarcane yield is the product of quantitatively inherited phenotypic traits viz; number of millable cane, stalk length, stalk diameter, stalk weight, leaves length, cane yield and rind hardness [3, 4] Sugarcane cultivars have close/tight relationship between sugar yield and its yield-related traits. The important traits such as stalk diameter, stalk number, stalk weight, stalk height, brix, fiber and sugar yield among all segregating population have been different significantly for each other and the amount of variability among all progenies has been showing transgressive segregation among them [5] . Fiber content affects significantly biomass, sugar yield and rind hardness. Juice extraction significantly reduces with increasing fiber percent cane and rind hardness [6] . Bio-mass content has been directly associated with rind hardness trait. All sugar-related traits viz; leaf area, number of green leaves, internode length, HR brix and sucrose per cent have been significantly correlated with rind hardness, resulting in the development of resistance/tolerance against multiple diseases and pests including dreadful red rot pathogens into the cane stalk [7] . Rind hardness, pith and high fiber content have close association with each other and also low insect (D. saccharalis) damage to sugarcane stalk [8] and negative correlation between internode rind hardness and sugarcane borer incidence exists [9] .
Rind hardness is also playing an important role in developing resistance against various abiotic and biotic stresses all over the world in sugarcane. One difficult factor associated with releasing sugarcane borer-resistant cultivars is the positive relationship between resistance and high fiber content. Selection of sugarcane borer-resistant clones increases the frequency of ideotypes with high fiber, pith, tight leaf sheaths and increased rind hardness of imamture internodes [8] . An alternative approach is needed to identify a mechanism of resistance that is less strongly associated with reduced sucrose recovery. Antibiosis, one of the three recognized mechanisms of resistance, is one possibility and is used to describe those adverse effects on the insect's life history that result when an insect uses a host-plant cultivar or species for food. Exploitation of this mechanism will require a different selection strategy than what is currently practiced in breeding program [10] .
The correlation between rind hardness with fibre percent cane is more significant and fibre % cane is significantly associateted with insect (E. saccharina) resistance [11] . Hence, although rind hardness may be a good character for imparting plant resistance, its association with fibre and the well-established negative relationship between fibre % cane and recoverable sucrose, make it undesirable as a selection trait for resistance to the borer. Although high sucrose yielding varieties have previously been considered as more susceptible to E. saccharina [11, 12] .
In breeding program, developing borer tolerant varieties is, however, delayed due to general awareness and lack of the knowledge for disease resistance selection strategies. Resistance and susceptibility are responsible for developing pith in segregating population which contribute significantly to resistance development. Two other factors viz; rind hardness and fiber content, were more closely associated with genotypic resistance than pith. Fiber content was correlated with phenotypic resistance in all cases. Phenotypic selection at early stages may provide good genotypes for lowering insect damage [13] .
Sugar yield has been achieved primarily by increasing biomass yield rather than sugar content [14, 15] . The rind hardness varies with the sugarcane cultivars as well in segregating population. Rind hardness may also be influenced by the growing environmental conditions. The rind hardness of the cane stalk affects the milling efficiency and quality of the cane. Cane harvesting by hand is more complicated due to high rind effects and easier to harvest due to their softness. The sugar-related traits such as brix, sucrose, purity, reducing sugar, as well as rind hardness, rind thickness (softness) and fibre content are the selection criteria for best chewing types in sugarcane [16] The rind hardness trait has been measured earlier by using the maize rind-penetrometer (pressure required to push a penetrometer needle through the rind) in sugarcane [17] . The rind-hardness was determined from the third and fourth internodes below the youngest apical fully-expanded internode. These internodes are referred to as target internodes as they are sites of insect larval penetration into the stalk [8, 18] . Meager information is available on the direct and indirect effects of rind hardness traits on sugarcane and sugar productivity. Present findings were reported to evaluate statistically about the relationship between rind hardness traits and sugar yieldrelated traits in segregating population derived from sugarcane commercial cultivars UP9530 × Co86011.
Material and Method
Experiment was carried out during 2011-12 at Sugarcane Research Institute (SRI) experimental farm Shahjahanpur (Longitude 79˚37'E and latitude 27˚35'N). The temperature ranged from 7.2˚C -21.2˚C during December, 2011 whereas 6.22˚C -17.5˚C during January 2012. There were no rainfall during December 2011 but 36.8 mm rainfall was observed during January 2012. Relative humidity was recorded 75% (December, 2011) and 76% (January, 2012). Four rainy days were observed. 226 segregating progenies (genotypes) were derived from a bi-parental cross of UP9530 and Co86011 having contrasting traits for sugar content. The pistil parent UP9530 having the genes for low sugar, high rind hardness and tolerant to water logged conditions. Pollen parent Co86011 having the genes for high sugar, low fiber, low rind hardness along with high yielding ability. Out of 226 segregating genotypes, 120 genotypes were randomly selected for their qualitative and quantitative study. Segregating genotypes were planted in randomized block designs (RBD) with three replications along with their parent. Genotypes were planted in rows at 0.9-m line to line distance and 1.0-m apart between the genotypes. The plot size was 0.9 × 1.0 m 2 . Cultural practices and fertilizer applications were provided as per the recommendation at SRI, Shahjahanpur.
Phenotypic data for all the traits were recorded among 120 segregating genotypes. Number of millable cane
Result and Discussions
(NMC) was counted for each plot at 360 day after planting (DAP). Stalks were randomly sampled in each plot for each genotype to measure stalk diameter (SD) & stalk length (SL) at 300 and 360 DAP respectively. Stalk length were observed from the first visible dewlap leaf to the stalk base. SD was recorded at the middle of the internode (one third of the stalk length from the base to the top) by using a vernier caliper. Three stalks from each plot were harvested at 360 DAP and average to record cane weight (CW). Estimated cane yield (CYLD) was recorded by multiplying NMC and CW. Hand refractometer brix (HBR) was recorded during October by punching in stalk. Sucrose percent juice (SUC), Brix percent juice (BR) (total soluble solids in juice) and purity coefficient (PUR) were analysed as standard procedure of Meade and Chen [19] during December 2011. PUR and CCS percent were calculated by using following formula:
In this study, a bi-parental cross of UP9530 and Co86011 was affected at Sugarcane Breeding Institute Coimbatore during November 2008 and more than 226 F 1 segregating individuals were evaluated for association between quantitative and qualitative traits with rind hardness among randomly selected 120 segregating genotypes. On perusal of the data on thirteen cane and sugar-related traits including rind hardness of 120 segregating genotypes with their parents UP9530 and Co86011 (Table 1) , it could be observed that rind hardness being an important trait also shows positive correlations with erectness and non lodging tendency. Comparison on agronomic and quality traits in different segregating genotypes was presented in Ta Sugar yield ton per hactare (SUYLD) was estimated by multiplying cane yield and commercial cane sugar (CCS%). The rind hardness data was recorded by punching mid part of the internode situated at mid region of the stalk. Rind hardness (RHD) was measured for each genotype and average by using rind hardness tester in numerical value as per Ram and Khan [5] at 300 DAP.
Analysis of variance (one way-ANOVA) for rind hardness trait was analysed by statistical software. Correlations coefficients were measured among 12 sugar yieldrelated traits of 120 genotypes by the OPSTAT statistical package [20] . The phenotypic variance and the error variance obtained from the analysis of variance were used to estimate the standard error, CV and CD for rind hardness trait as well as all traits.
The two parents were showing differences in their qualitative and quantitative values along with rind hardness. The significant segregation for rind hardness was observed in all segregating genotypes. The mean and range for all the traits viz; NMC, SL, SD, LL, CW, CYLD, HBR, BR, SUC, PUR, CCS%, SYLD and RHD were recorded. The traits value had wider ranges among all genotypes along with parents. Thus, the differences among the segregating genotypes were higher than the differences between the parents for all traits, contributing to transgressive segregation among the genotypes ( Figure 1) . Accordingly, efforts were made and steps were taken to select the genotype with moderate rind hardness for good sugar recovery in their future. This finding is in agreement with Singh et al. [5, 24, 25] . The results indicated a highly significant difference existed among 120 segregating genotypes for RHD (P < 0.01). RHD value was ranged from 2.08 (S. 378/08) to 12.10 (S. 26/08) with a mean value 5.91 (Tables 1, 2 &  Figure 1) . The above observations revealed that difference among segregating genotypes was significantly more than the differences between the parents for RHD. This indicated that transgressive segregation was more pronounced for RHD than other traits (Table 1 & Figure  1 ). This may be due to the possibilities of performing contrast family selection for RHD to achieve genetic improvement in quality breeding program. This gave clear indication of selecting better genotypes with moderate RHD value for generating more sugar yielding ability which would be beneficial both for sugar industry and sugarcane growers.
The analysis of variance on the RHD was showed that the mean sum of squares due to genotypes was highly significant at 0.05 and 0.01 probability levels, respectively and F value was also significant in different segregating genotypes (Table 3) . Maximum standard error for RHD was found (SE  0.52) in genotype S. 183/08 whereas the minimum value (SE  0.01) was found in S. 45/08 ( Table 2) . White et al. [8] also reported significant rind hardness for third internode in plant and ratoon crop.
The data in Table 4 showed that highly significant correlation was found among CW, CYLD, SUYLD, RHD and CCS% (P < 0.01). Thus RHD was emphasized due to their significance over all the yield-related and quality traits. CYLD showed highly significant and positive correlation with RHD (r = 0.380). Rind hardness were showed significant positive correlation with sugar as well as yield contributed traits viz; CYLD (r = 0.380), SUYLD (r = 0.248), SD (r = 0.125). Data revealed that RHD had highest significant negative correlation with CCS percent (r = −0.388). Rind hardness had significant negative correlation with NMC (r = −0.216), HBR in October month (r = −0.154), BR (r = 0.119) and SUC (r = −0.080) in the month of December (Tables 4 and 5) .
Khan et al. [4] reported that the cane yield was positively correlated with cane girth, weight per stool, sugar yield, tiller numbers and purity %, pol % and negatively correlated with CCS %. Ming et al. [25] and Singh et al. [26] also reported that sugar yield was positively correlated with pol, sugar content, stalk number and stalk weight in the segregating population. Number of stalks per stool was a major yield contributing factor followed by height and cane girth as was reported by Singh et al. [27] .
The high and significant positive correlation between rind hardness and fibre content was reported by Babu et al. [7] . Fiber content affects both sugar yield and milling efficiency. The extraction of the juice from cane stalk reduces with high fiber and hardness [6] . Sajjadand Khan [28] and Singh et al. [23] reported that fiber was good donor for sugar content and cane yield characters, while the most important character fiber was directly regulated by the rind hardness character [7, 17, 29] . Keeping and Rutherford [11] reported the significant relationship between rind hardness and insect resistance, which was regulated by the fibre % cane. Hence, the rind hardness character is a good trait for imparting insect resistance [18] .
Apart from the above discussions, rind hardness character was showed the other activities in sugarcane crop. Rind hardness and fiber content are highly associated with multiple resistances against diseases and pests. Rind hardness also may be a factor of phenotypic selection in the early stages of variety development for low insect damage [8, 10] . The other demanding traits namely high sucrose, purity, reducing sugar, rind hardness and fibre content are the choice of selection for best chewing cultivar in sugarcane [16, 30] .
Hence, RHD was significantly associated with cane and sugar-yield in present findings. This indicates that the rind hardness may be important selection indices for quality breeding program during early selection stage. The use of this trait in selection would allow the identification of potentially superior genotypes and the elimination of undesirable genotypes having more RHD value at early selection stages. Rind hardness trait will also promote the development of idle genotypes having erect, non-lodging, red rot disease resistance and borer resistance.
